Density and morphology studies on bottom ash and fly ash geopolymer brick AIP Conference Proceedings 1835, 020047 (2017) Abstract. This paper deals with the development of lightweight geopolymer bricks by using foaming agent and fly ash. The mix parameters analysed through a laboratory experiment with fix ratio of sodium silicate/sodium hydroxide solution mass ratio 2.5, fly ash/alkaline activator solution mass ratio 2.0, foaming agent/paste mass ratio 1:2 and molarity of sodium hydroxide solution used was 12M. Different curing temperature (Room Temperature, 60, 80) and foaming agent/water mass ratio (1:10 and 1:20) were studied. Compressive strength, density analysis, and water absorption has been investigated. The results show that the foamed geopolymer bricks with a lower foam/water mass ratio (1:10)and high curing temperature (80°C) leading to a better properties. Mixtures with a low density of around 1420 kg/m 3 and a compressive strength of around 10 MPa were achieved.
INTRODUCTION
Geopolymers are amorphous three-dimensional aluminosilicate materials which can be produced at ambient or elevated temperature by alkaline activation of aluminosilicates [1] . Geopolymers display excellent mechanical strength and resistance to attack by aggressive environments also they require less energy for the manufacturing process and easy to recycle [2] . Fly ash is defined as 'the finely divided residue that results from the combustion of ground or powdered coal and that is transported by flue gasses from the combustion zone to the particle removal system'. Fly ash is a commonly used as a raw materials for synthesis of geopolymers with different synthesis methods from the previous researchers [3, 4, and 5] .
The foamed geopolymer materials have characteristics of lightweight and heat insulation because of many microporous structures. Another type of lightweight geopolymer has been studied due to its low cost, sinter-free fabricated, acid resistance, good thermal properties and environmentally friendly nature [6] . Foamed geopolymer appear to be a very promising materials because they are formed at temperatures below 100°C and possess properties similar to foamed glass or foamed ceramics which are produced at high temperatures, above 900°C [7] . Different foaming agents can be used to synthesis lightweight geopolymers either surfactants or chemical products. Surfactants are liquid admixtures used by entraining air during mixing while the chemical products was mixed into the geopolymer paste which react with the alkali to generate gas which produces a foamed microstructure in the hardened material [8] . This lightweight geopolymer bricks is produced by the addition of foaming agent which is added to the Geopolymer paste (mixture of fly ash + alkaline activator solution) with the use of a foam generator. The admixture entrains an inert bubbles in the geopolymer paste thus reducing the density of the brick. This brick is suitable to be applied as normal brick in building wall construction.
EXPERIMENTAL Materials
The lightweight geopolymer foamed brick consist of four types of raw material, namely Fly Ash, Sodium Hydroxide, Sodium Silicate, and foaming agent. It does not contain any coarse and fine aggregates. Foamed geopolymer brick is produced by adding pre-formed foam to paste mass. The amount of the foam controls the density of foamed geopolymer brick.
Fly Ash used was produced from the power plant in Cirebon, Indonesia fired by brown coal. Fly ash were characterized using X-Ray Fluorescence (XRF) for determination of chemical composition in raw materials used and the results showed that SiO 2 and Al 2 O 3 account for over 60% (mass ratio, as shown in Table 1 ).Foaming agent were prepared by using foam generator with different ratio of foaming agent to water (1:10 and 1:20 mass ratio). Table 2 gives representative chemical composition data for foaming agent used in this study. The Sodium hydroxide solution (NaOH) was prepared by dilute NaOH pallets with distilled water 24 hours before used.
Mix Design and Sample Preparations
Lightweight geopolymer bricks were produced by mixing the foaming agent, Fly ash, and alkaline solution. The bricks were prepared by using different ratio of foaming agent to water (1:10 and 1:20 by volume) and fixed ratio of paste to foam (1:2). Sodium hydroxide (NaOH) solution and Sodium Silicate solution were firstly mixed for 5 minutes in a beaker. Fly ash was then added and mixing was done for another 5 minutes until the mixture achieved their homogeneityto produce the geopolymer paste. The foaming agent was added to the geopolymer paste mixture and mixing was continued for 5 minutes. Afterwards, the pastes were poured into cube moulds (50 x 50 x 50 mm) and cured for 24 hours at three different curing temperatures (room temperature, 60°C and 80°C). Then the samples were left at room temperature for 7 days for testing. Compressive strength testing was carried out on 50 mm cubes in accordance with ASTM C 109 [9] and each case the results recorded are the average of three samples. Figure 1 shows the results of the compressive strength. As expected, the strength of foamed geopolymer decreases as the ratio of foam to water increased, but increasing the curing temperature results in certain increase in compressive strength. Low compressive strength results (below 5 MPa) were found in foaming agent to water ratio (1:20 ratio) for all the curing temperatures. Research done by Mustafa et al., (2012) also reported that the curing temperature influenced the strength of the geopolymer [10] .
Chemical Composition of Raw Materials

Water Absorption FIGURE 2. Water absorption test results for different curing temperature and foam to water ratio
Water absorption is a key factor affecting the durability of brick. The less water infiltrates into brick, the more durability of the brick and resistance to the natural environment are expected [11] .Water absorption of each cube samples are measured according to the ASTM C 140-01 [12] . Figure 2 shows the results of the test for different ratio of foaming agent to water at three different temperatures. The results obtained shows that the water absorption increases with increased ratio of foaming agent to water and increased curing temperature. The previously reported by Zhao et al., (2010) , with the increasing volumes of foam, more and more interconnected pores which are benefit for flow of water are appeared. Nevertheless, the increase of water absorption could decrease compressive strength [13] . The density of the samples was measured by dividing the dry mass by the volume. All reported results are an average of three different measurements. As shown in Figure 3 , the density of the manufactured bricks decreased from 1792 kg/m 3 to 1656 kg/m 3 for the control samples when the curing temperature increased. The density of foamed geopolymer bricks decreased by 3.8% and 3.4% when 1:10 and 1:20 ratio of foaming agent to water was used. Low density or lightweight bricks have great advantages especially in construction field including lower structural dead load, easier handling, lower transport costs, and lower thermal conductivity [14] .
Density Analysis
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CONCLUSION
On the basis of the experimental work it is concluded that the compressive strength of foamed geopolymer bricks foaming agent to water ratio (1:10) reduced in strength between 49.3-68.6% while for the (1:20) ratio, the strength decreases between 66.7-72.9% of strength. However, the strength for all samples increases as the curing temperature increased. It is also analysed that water absorption of foamed geopolymer bricks for samples with 1:10 ratio of foaming agent to water was increases about 56-66% from the control samples without foaming agent added and 62-63% more as compared to the control samples when 1:20 of foaming agent to water ratio was used. The samples obtained in present work shows promise in application of wall insulation materials.
